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October 1977

Honorable Thomas P. O'Neill
Speaker of the House of Representatives
Washington, D.C. 20515

Dear Mr. Speaker:

As required by Section 8(a) of the Public Health Cigarette Smoking Act of
1969 (Public Law 91-222), enclosed is the 1976 Report to Congress on the
Health Consequences of Smoking.

This year's report includes the "Bibliography on Smoking and Health -~
1975,” the offictlal abstract bulletin of the National Clearinghouse for
Smoking and Health, Bureau of Health Educatlon, Center for Disease Control,
Public Health Service. It presents the scientific information published
since last year's report to Congress. Also part of thils year's report is
"The Health Consequences of Smoking, a Reference Edition,” a compilation
of selected chapters from previous reports to Congress. This reference
edition was prepared to emphasize the fact that the major health risks
from smoking are known and that recent scientific information refines

the understanding of these relationships. Without doubt, cigarette smoking
1s a cause of cardiovascular disease, various types of cancer, and respira-
tory disease. TIts toll in illoness and premature death is needless and
preventable. -

Because of ny strong commitment in reducing the morbidity and mortality
which result from smoking, the Department is coanducting a major review of
its programs in this field in order to introduce administrative and
legislative proposals to combat this problem.

Sincerely,

Joseph A, Califano, Jr.

Enclosure



PREFACE

1¢ health consequences of cigarette smoking are well established’
yd have been clearly understood for several years. The causal re-

ionships between cigarette smoking and an excess risk of devel-
ning cardiovascular disease, respiratory tract cancers, and chronic
bstructive lung disease, as well as the risk to the fetus, are well
Fc_umented and accepted by the scientific and health communities.

r the past several years, new additions to the literature have
bstantiated these risks and further explained the mechanisms
which smoking produces disease, disability, and death; however,
search has identified no new major health risks. Therefore, it
ems appropriate at this time to prepare a reference document
viewing the full range of health hazards due to smoking.

is reference report consists of selected chapters from previous
ports to the U.S. Congress which present summations of the
own health hazards from smoking. Because the 1971 report was
review of all information on smoking and healith at that time,
© chapters were included from reports prior to that time. This
‘ference, coupled from the annual Bibliography on Smoking and
!ealth represents a complete description of major smoking and
alth information.

e scientific evidence is clear and unavoidable, and the important
k now is to convert this knowledge into programs for reducing
d eliminating the preventable death and disability related to the
oking habit.

Theodore Cooper, M.D.
Assistant Secretary for Health
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Previous Public Health Service Reports
on Smoking and Heaith

Reviews of the scentific evidence linking smoking to health effects began
in 1964 with Smoking and Health, Report of the Advisory Committee to the
Surgeon General of the Public Health Service or as subsequently referred to
“the Surgeon General’s Report.” After this report, Public Law 89-92 was
passed requiring supplemental reports to Congress on this subject. In
compliance, three reports were submitted:

1. The Health Consequences of Smoking, A Public Health Service Review:
1967.

2. The Health Consequences of Smoking, 1968 Supplement to the 1967
PHS Review.

3. The Health Consequences of Smoking, 1969 Supplement to the 1967
PHS Review.

In April 1970, Public Law 91-222 amended the previous law and called for
an updated report on the health effects of smoking no later than January 1,
1971, with annual reports thereafter. The Health Consequences of Smoking,
A Report of the Surgeon General: 1971, a comprehensive review of all the
scientific literature available to the National Clearinghouse for Smoking and
Health and with emphasis on the most recent additions to the literature was
that updated report. Since then, the following annual reports on the health
consequences of smoking have been submitted:

1. The Health Consequences of Smoking, A Report of the Surgeon-
General, 1972.

2. The Health Consequences of Smoking, 1973.
3. The Health Consequences of Smoking, 1974.
4. The Health Consequences of Smoking, 1975.

Each report since the original “Surgeon General’s Report™ has reviewed
the scientific literature relevant to the association between smoking and
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cardiovascular diseases, non-neoplastic bronchopulmonary diseases, and
cancer. Smoking as related to the following diseases and conditions has been
reviewed periodically in the reports:

Pregnancy (1967, 1969, 1971, 1972, 1973)

Peptic Ulcer Disease (1967, 1971, 1972, 1973)

Public Exposure to Air Pollution from Tobacco Smoke (1972, 1975)
Noncancerous Oral Disease {1969)

Tobacco Amblyopia (1971)

Allergy (1972)

Harmful Constituents of Cigarette Smoke (1972)

Exercise Performance (1973)

Pipe and Cigar Smoking (1973)

Overview: The Health Consequences of Smoking (1975)
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Chapter }

Overview — The Health Consequences of Smoking

Source:

1975 Report, Overview — The Health Consequences of Smoking,
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OVERVIEW — HEALTH CONSEQUENCES OF SMOKING

The statement, “Warning: The Surgeon General Has Determined
That Cigarette Smoking [s Dangerous to Your Health,” has been
required by law on cigarette packaging since 1970 as a part of the
Public Health Cigarette Smoking Act of 1969. This Act was a
response by the U.S. Congress to the scientific information on the
health consequences of cigarette smoking summarized in reports then
available (the Surgeon General’s Report of 1964 and the subsequent
1967, 1968, and 1969 PHS Health Consequences of Smoking). This
Act was passed because a series of impaortant questions concerning
cigarette smoking and health had been answered.

The following discussion sumimarizes the basic questions, the
methodology used to determine the answers, and the answers

themselves.

The initial question to be answered concerning the health
consequences of smoking was “Are there any harmful health effects
of smoking cigarettes?” The answer to this question was provided in
two ways. First, it was demonstrated that some diseases occurred
more frequently in smokers than in nonsmokers. Second, a causal
relationship was established between smoking and these diseases.

Concern about the possible health effects of smoking started
when scientists began looking for an explanation to account for the
rapidly increasing death rate from lung cancer. The early retrospec-
tive studies showed a link between lung cancer and smoking. The
first prospective studies, however, found that only one-eighth of the
excess overall mortality found among smokers could be accounted
for by lung cancer; the rest was largely due to coronary heart disease,
chronic respiratory disease, and other forms of cancer. They also
found that the effect on overall mortality was largely confined to
cigarette smokers rather than the users of other forms of tobacco.

However, demonstrating an association by statistical probability
is not enough to establish the causal nature of a relationship.
Determining that the association between smoking and excess death
rates is cause and effect was a judgment made after a number of
criteria had been met, no one of which by itself is sufficient to make
this judgment. These criteria as listed in the Surgconr General's
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Advisory Committee Report (1964) were the consistency, strength,
specificity, temporal relationship, and coherence of the association.

In addition, convincing theories about thg mechanisms whereby
smoking contributes to the various diseases responsible for the excess
mortality among cigarette smokers were developed from the evidence
on the biochemical, cytologic, pathologic, and pathophysiologic
effects of cigarette smoking, thereby providing the necessary support
for the decision that the relationship was causal.

The most important specific health consequence of cigarette
smoking in terms of the number of people affected is the
development of premature coronary heart disease (CHD). Both
prospective and retrospective studies clearly established that cigarette
smokers have a greater risk of death due to CHD and have a higher
prevalence of CHD than nonsmokers. Long-term followup of healthy
populations has confirmed that a cigarette smoker is more likely to
have a myocardial infarction and to die from CHD than a
nonsmoker. Cigarette smoking has been shown to be one of the
" major independent CHD risk factors and to act in combination with
other major alterable CHD risk factors (high blood pressure and
elevated serum cholesterol). Autopsy studies have shown that
persons who smoked cigarettes have more severe coronary athero-
sclerosis than persons who did not smoke. Physiologic studies and
animal experiments have indicated several mechanisms whereby these
effects can take place.

A second major health consequence of smoking is the develop-
ment of cancer in smokers. Cigarette smoking was firmly established
as the major risk factor in lung cancer. The risk of developing lung
cancer was found to be 10 times greater for cigarette smokers than
for nonsmokers. The risk of developing lung cancer increases with
the number of cigarettes smoked per day and is greater in cigarette
smokers who report inhaling, who started smoking at an early age, or
who have smoked for a greater number of years. Smokers of filter
cigarettes have been shown to have a lower risk of developing lung
cancer than smokers of nonfilter cigarettes, but the risk remains well
above that for nonsmokers. The risk of developing cancer of the
larynx, pharynx, oral cavity, esophagus, pancreas, and urinary
bladder. was also found to be significantly higher in cigarette smokers
than in nonsmokers. Pipe and cigar smokers were found to have
elevated risks for the development of cancer of the oral cavity,
pharynx, larynx, and esophagus when compared to nonsmokers.
Fewer pipe and cigar smokers than cigarette smokers report that they
inhale. As a result lungs of pipe and cigar smokers receive much less
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exposure to smoke than the lungs of cigarette smokers. This is
probably the primary reason for the lower incidence of cancer of the
lung for pipe and cigar smokers compared to cigarette smokers.

Women have had far lower rates of lung cancer than men. This
has been attributed to the fact that fewer women than men smoke
and the fact that women smokers generally select filter and low tar
and nicotine cigarettes. However, the percentage of women smokers
in the United States has increased steadily in the last 30 years, and
sin¢ce 1955 the death rates from lung cancer in women have increased
proportionately more rapidly than the rates for men, reflecting this
increased proportion of women smokers.

The tar from cigarette smoke has been found to induce
malignant changes in the skin and respiratory tract of experimental
animals, and a number of specific chemical compounds contained in
cigarette smoke were established as potent carcinogens or co-carcino-
gens. Malignant changes including carcinoma in situ were found in
the larynx and in the sputum exfoliative cytology. of experimental
animals exposed to cigarette smoke.

Nonmalignant respiratory disease is a third area of smoking-
induced morbidity and mortality. Cigarette smokers have been
shown to have more frequent minor respiratory infections, miss more
days from work due to respiratory illness, and report symptoms of
cough and sputum production more frequently than nonsmokers.
Retrospective and prospective studies with long-term followup have
found that cigarette smoking is the primary factor in the develop-
ment of chronic bronchitis and emphysema in the United States.
Cigarette smokers have also been found to be more likely to have
abnormalities of pulmonary function and have higher death rates
from respiratory diseases than nonsmokers. Data from autopsy
studies have shown that cigarette smokers were more likely to have
the macroscopic changes of emphysema, and that these changes are
closely related to the number of cigarettes smoked per day. Mucous
cell hyperplasia has been found more often in cigarette smokers.
Cigarette smoke also inhibits the ciliary motion responsible for

cleansing the respiratory tract.

An additional area of health concern has been the effect of
cigarette smoking during pregnancy. Mothers who smoke cigarettes
during the last two trimesters of their pregnancy have been found to
have babies with a lower average birth weight than nonsmoking
mothers. In addition cigarette smoking mothers had a higher risk of
having a stillborn child, and their infants had higher late fetal and
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neonatal death rates. There are some data to show that these risks
due to cigarctte smoking are even greater in women who have a high
risk pregnancy for other reasons. These effects may occur because

carbon monoxide passes freely across the placenta and is readily
bound by fetal hemoglobin, thereby decreasmg the oxygen carrying
capacity of fetal blood.

Having established that cigarette smoking is a significant causal
factor in a number of serious disease processes, two additional
questions became important. They are “Can the health consequences
to the individual be averted by stopping smoking or by changing the
cigarette,” and “"What are the overall public health consequences of
cessation and of the changes made in cigarettes?”

The first question is the simpler of the two to answer. In the
individual, cessation of cigarette smoking results in a rapid decline of
the carbon monoxide level in the blood over the first 12 hours.
Symptoms of cough, sputum production, and shortness of breath
usually improve over the next few weeks. A woman who stops
smoking by the fourth month of her pregnancy has no increased risk
of stillbirth or perinatal death in her infant related to smoking. The
deterioration in pulmonary function tests that occurs in some
smokers becomes less rapid than that of continuing smokers. The
death rates from ischemic heart disease, chronic bronchitis, and
emphysema also become less than those of the continuing smoker.
The risk of developing cancer of the lung, larynx, and oral cavity
declines relative to the continuing smoker in the first few years after
cessation and 10 to 15 years after stopping smoking approximates
that of nonsmokers. A smoker who switches to filter cigarettes and
has smoked them for 10 years or longer has a lower risk of
developing lung cancer than a smoker who continues to smoke
nonfilter cigarettes. The risk to a filter cigarette smoker, however,
still remains well above that of a nonsmoker.

The public health benefits of cessation are more difficult to
determine than the effects of cessation on the individual. Just as
cause-specific death rates have reflected the effect of cigarette
smoking on certain diseases, they should also reflect any substantial
benefits to be gained by cessation or reduction in cigarette smoking.
Several factors combined to produce a reduction in per capitd dosage
of tobacco exposure in the United States for the years 1966-1970.
First, per capita consumption of cigarettes declined from 4,287
cigarettes per person in 1966 to 3,985 in 1970. Second, during this
period there was a slow but significant decrease in the average tar and
nicotine content of cigarettes as well as a decrease in the amount of
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tobacco contained in the average cigarette. The decline in per capita
consumption during those years occurred in the face of a substantial
increase in the proportion of young women becoming smokers as
compared to women of previous generations and so reflected
predominantly a decrease in cigarette consumption by men.

Since 1970, although the per capita consumption of cigarettes
has increased, the average levels of tar and nicotine have continued to
decline, making it more difficult to predict what has happened to per

capita dosage.

Examination of cause-specific death rates for the period of this
declining per capita consumption reveals that there was a downturn
in the male death rate from ischemic heart disease beginning in 1966
which reversed the upward trend that had occurred over the previous
two decades. This decline in the death rate from ischemic heart

disease has not occurred in women.

The male death rate from chronic bronchitis has also been
declining since 1967, and the male death rate for emphysema has
declined since 1968 when it was first recorded as a separate category.
Female death rates for these two diseases have not shown these

trends.

Despite the impressive coincidences of the decline in death rates
among males occurring at the same time that there was a decline in
per capita cigarette consumption, it is impossible to be certain of the
exact cause of the decline in the death rates. These diseases are
influenced by a variety of factors in addition to cigarette smoking
such as blood pressure and air pollution. Some of these factors have
also been subject to major control efforts which may have
contributed to the decline in the death rates. In addition, there have
been therapeutic advances in the treatment of these problems which

may also have helped lower the death rates.

A decline in male death rates from lung cancer should also
follow the decline in per capita consumption. This rate would not be
influenced as much by changes in other etiologic factors or changes in
therapy because cigarette smoking causes from 85 to 90 percent of
all lung cancer and there have been no major improvments in survival
due to changes in therapy. With lung cancer, however, two
additional considerations must be kept in mind. A decline in death
rates from lung cancer would be expected to lag several years behind
a decline in per capita consumption. In addition, the decline in
consumption and switch to low tar and nicotine cigarettes occurred
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predominantly in the younger age groups where death rates from
lung cancer are low. For these reasons, it is necessary to look at lung
cancer death rates by age group rather than total lung cancer death
rates. The lung cancer rates by age groups for 1971 suggest a decline
in the lung cancer rates for the younger males (under 45), but the
confidence limits on these trends at present remain wide enough
that it is impossible to say whether this is a real decline or merely
a leveling off. The national health statistics broken down by 5-year
age groups are currently available only through 1971. The data by
age group from a few more years will be necessary to determine
whether the changes in smoking behavior which have taken place
have reversed the trend of the preceding 40 years of continually
increasing lung cancer rates in men. In 1971, the last year for
which detailed mortality statistics are available, the accumulated
exposure to cigarettes reached ifs peak among men bom between
1915 and 1919, a group then in their early 50’s. Cumulative
exposure has continued to decline with each successive 5S-year birth
cohort born since then. The trends of the last few years offer some
hope that the peak of the “lung cancer epidemic,” as some have
termed this phenomenon, may have been reached with this group
and that future years will show a slow but consistent decline.
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INTRODUCTION

Coronary Heart Disease (CHD) cuts short the lives of many
men in the Western World in their prime productive years. More
Americar}s (_ﬁe from heart disease than from any other disease..In
1967, in this country, a total of 345,154 men and 227,999 women
were C]aSSlﬁed as dying of arteriosclerotic heart disease (ASHD)
(196), a. category which consists largely of what is commonly
called CHD. During the years,from 1950 to 1967, the age-adjusted
" death rate from ASHD increased 15.1 percent (196, 197).

Besides the many deaths attributed to CHD, much morbidity
results from this disease. The National Health Examination Sur- -
vey of 1960-1962 estimated that 3.1 million American adults, ages
18 to 79, had definite CHD and 2.4 million had suspect CHD,
together representing about 5 percent of the population. It was
further estimated that of Americans under age 65, almost 1.8 mil-
lion had definite CHD and 1.6 million had suspect CHD (195).

. There are several manifestations of CHD, all related in part to
the basic process of severe atherosclerosis, a disease of arteries in
which fatty materials (lipids) accumulate in the form of plaques
in the walls of medium and large arteries. This process, as it occurs
in the coronary arteries, leads to stiffening of the wall and narrow-
ing of the lumen which, when severe, result in a diminution in the:
blood supply to the cardiac musecle. Angina pectoris, 2 major mani-
festation of CHD, results from diminution in blood supply relative
to the needs of the myocardium. If the blood supply to a portion
of the myocardium is completely obstructed due for example to the
formation of a thrombus at the site of atherosclerotic narrowing,
necrosis or death of a portion of heart muscle may occur.-This
occurrence is known as a myocardial infarction. In many cases, a
disturbance of cardiac rhythm occurs at the time of thrombosis,
and the patient may die immediately. It is estimated that approxi-
mately 25 percent of patients suffering coronary artery occlusion
die within the first three hours following the occlusion (table 1)
188). Not infrequently, sudden death occurs in patients with severe _
coronary atherosclerosis but without a demonstrable arterial occlu-
sion. In these cases, it is thought that the meager blood flow to a
portion of the myocardium becomes so diminished with respect to
cardiac needs as to lead to a fatal arrhythmia, as well as to, per-
haps, a myocardial infarction.
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Numerous epidemiological studies have indicated that cigarette
smokers have increased mortality ratios for CHD ; that is, cigarette
smokers show significantly increased death rates compared with
nonsmokers (table 2). The risk incurred by cigarette smoking in-
creases with increasing dosage and, as measured by mortality
ratios, is more marked for men in the younger age groups, under
age 60, although the absolute increment in death rates experienced 7
by smokers over that of nonsmokers continues to increase with
increasing age. Table 2 lists the mortality ratios found in the major
studies. Certain of these studies, including those at Framingham,
 Massachusetts, the Health Insurance Plan of New York City
(HIP), and at Tecumsen, Michigan, have analyzed morbidity as
well as mortality from CHD and have indicated that the risk of
developing fatal and nonfatal CHD is greater among cigarette
smokers than among nonsmokers (tables 3 and 4). Conflicting
evidence has been published concerning the relationship of ciga-
rette smoking and the incidence of angina pectoris. While some
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and - whitemales nairesnd - vm oo Allsmokers .1.70 (3361)  (P<0.001)
Horn, in 0 states - -follow-up 10 ... .. 229 (192) . .
1958, . 5069 yearn of death ..-.189 (864) ! T
USA of age. 7 eertificate.  : * T, TRANIG M 2040 L. 220 (604) - -tg .

(77, 78). Lo R A P40 L..o...l2.41 (118) ]

Doyle 2,282 males, Detailed “ 93 NS ....::...1.00 (20) 5

_etal, - Fram- _ ¢ _medical - % Alamokers .2.40  (73) oo
1964, . ingham, ' . examina- <20 ......1.2.00 (1T) »;_-
US.A. 2062 years tiomand . : ..-L70 (200 cic. Y
(54). of age. follow-up. ;. L3860 (38)  f %

1,918 males, 4w iomemmrimie k], it T h
Abbeny, .. . ;. P0a 7 PPN O Sy b L
3955 years < ko aen s . eyt o} {“
of age. S - - od- ERERET R AR AR L BT

Doll and Approxi- Question- 10 1,376 NS ........ 1.00 R
Hin, mately naire and . All smokers .1.36 N
1964, 41,000 ;.. follow-up - 1-14 ....1.29 X i
Grest male British  of death . 1524 ....127 ., .
Britain physicians. certificate. 3 D2 ... 143 -

(50). T - i PP - .

Btrobel 3,749 male Question- N 162 NS ........ 1.00 P
and Gsell Swiss phy- naire and : EE : e o
1965 sicians. follow-up ... ., 1F20 LoL.... 148 "
Switzer- | _ of death T >20 .. 136 ‘ i
land ; certificate. i
(120). : : P -

- Best, Approxi- Question- . 8 2,000 NS ........ 1.00
1966 mately -, nsireand . i~ .~ - Allsmokers .1.60 (1380)
Canada 78,000 follow-up : <10 ........1.66 (337)
(24). . maleCana- ofdeth "1, 770 ii77'10-20 . 1.58  (766)
dfan . eertificate. ) B TTI>20 LLULTILIE (217) S
veterans. IR o S PRSP T | =
Kahn US. male Question- 814 10,890 NS ........ 1.00 (2997)
1966 Yeterans naire and - Al smokers .1.74 (4150} «
US.A. 2,265,674 “followwp .., "0 .o 1.8 L ....1.39 (439F 7
(93). person , ofdesth -1 o 10-20 ......L18 (2102) 4
: ” years. " certificate. Jg 21-39 L. 14 (1292) ¢
L R AT o0 - R 200 (266) i,

Hirayams, 265,118 Trained in- 81 NS ........100 (17). -

1967, Japanese ' terviewers - s . 1-24 L., 1.13 (69)
Japan adults over . and follow~ | e T 1.00 (5)
a4). age 40,  upof death s IR

' w7 certificate. IR SN

Kannel 5,127 males  Medical ex- s D100 (27)
etal, and females amination ....220 (25)} (p<0.08)
1968, age 30-59. and o L T T
U.8.A. PP e g " follow-up.

(24). . Rl wh . IR

2 Unless otherwise specified, disparities between the total number of deaths ’

and the sum of the individusl smoking categories are due to the exclusfon

: 1 Iapell

of either

L

g
22

mixed, or ex«mokers. -




ratios related to smoking—prospective studies
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TABLE 2.—Coronary heart disease mortality ratios
(Actusl number of deatha
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related to smoking—prospective studies {cont.)
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TABLE 3.—Sudden death from coronary
{Mortality ratios—actusl number

Autbor
Year, Number and Data Follow-up Number
country, type of collection years of
reference population deaths
Pooling 7,427 white Medical 10 KE
Project, males 30-59 examination
American Heart years of age and
Association, at entry. follow-up.
1970, U.S.A.
(38).
TABLE 4.—Coronary heart disease
{Risk ratios—actual number of CHD
[{SM = Smokers NS = Nonsmokers
PROSPECTIVE STUDIES
Author,
year, Number and Data Follow- Number of
country, type of collection ap incidents Cligarettes/day
reference population years

Doyle 2,282 males Detailed 10 243 myo- NS ............ 1.00 (52)
etal, Framingham, medical cardial All emokers ....2.36(191)
1964, 3062 years examina- infarc- <20 ...........1.98 (44)

"USA. of age. tion and ‘tions and 20 ... .2.05 (64)
(54). 1,913 males follow-up. CHD >20 .......... 3.04 (83)

Albany, deaths,
39-55 years
of age.

Stamler 1,329 CHD- Interview 4 46 CHD NS ..., 100 (2)
etal, free male snd examin- <10 cix-rtttn_} 292 (8)
1968, employees of ation with < B cigars....{"

U.S.A. Peoples Gas clinic < 6 pipes.....

(177). Company follow-up. 10-19 cigarettes. 367 (8)
40-59 years >20 ci_g;rettu.}a.ss (29)
of age. > B cigurs....

> 5 pipes

Epatein, 6,666 male Initial 4 26 male, Males
1967, and female medical 92 female . 40-59
USB.A. residents examina- CHD in- NS ievrvnnnn- 100 (1)
(81), of Tecumseh, tfon and cluding EX ............653 (16)

Mich. repeat deaths, Cigarettes .....5.20 (38)
follow-up angina, and Females

examina- myocardial NS ............100 (21}

tions. infarctions. EX .......... ..0.89 (3)

Cigarettes .....1.02 (14)

3 Unleas otherwise specified, disparities between the total number of mani-
festations and the sum of the Individus) smoking categories are due to the
exclusion of cither ocessional, miscellaneous, mixed, or ex-smokers.
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heart disease related to smoking

of desths shown fn parentheses)

Cigarettes/day Cigurs, pipes Comment
Never smoked  ...........1.00 (18) 1.00 (15) See table 1 for description of
.1.90 (23) 1.36 (13) Pooling Project.
o .1.96 (50)
.................... 336 (44)

morbidity as related to smoking
mapifestations shown in parentheses)!?

EX = Ex-smokers}

PROSPECTIVE STUDIES—Continued

Pipes, cigars Age varistion Comments

Data include
CHD deaths,
only on males
4049 years of
age and free of
CHD on entry.
NS includes
pipes, cigars,
and ex-smokers.

NS includes
ex-smokers.
Includes all
CHD.
Males—Continued Males Reexamination
80 and over $0-59 of patients
1.00 {7) SM ....1.80(2) way spread
1.27(11) 80 and over over 1Y,—6-year
1.96(23) SM ....0.86(6) period, but
Females—Continued data are re-
1.00{47) ported in
1.31 (5) terms of
0.42 (2) 4-year inci-

dence rates.
Actual number
of CHD inci-
dents derived
from data on
jncidence and
total in smok-
ing class,

27



TABLE 4.—Coronary heart disease

(Rlsk ratios—sctusl number of CHD
{SM = Smokers NS = Nonamokers

PROSPECTIVE STUDIES

_4:3:’:, Number and Data Follow-  Number of
country, ~  typeof collection op incidenta Cigarettes/day
reference popuiation years

Jenkins, 3,182 males Initial 414 104 myo- NS ... ... ......1.00 (21)
etal, 39-59 years medical cardial EX ...... ...2.47 (15)
1968, of age at examina~ infarctions. Current ._......2.78 (63)
U.S.A. entry. tion and 0-15/day 1139 (45)
(90). follow-up >16 ... .....0.08 (89)

by repeat
examina-
tionsx.

Kannvel, 5,127 males Medical 12 228 myo- Myocerdial Infarction
etal, snd females examinstion cxrdial Males
1968, 80-53 yesrs snd follow- fnfarc- NS ....c0e.....1.00 (21)
U.S.A. of age. up. tions. All SM ........1.51(153)
(24). 2380 CHD. Hesvy SM ....1.85 (53)

Risk of CHD {overall)
Males

NS ... o.....1.00 (61)

1-10 .. ... 134 (23)

11-20 . -.1.80 (80)

D20 e 2.41 (76)

Shapiro 110,000 male Baseline med- 3 Totsl Males
etal, and femaje ical inter- unspecl- NS ... ..., 1.00
1869, enrollees view and fled. All current ....2.14
U.8.A. of Health examination cigarettes (p<0.01)
172), Insurance and regular <20 .......o... 1.50

Plan of follow-up. >20 ... }
Greater >S40 ...........8.36
New York

(HIP)

3564 years

of age.

Keys %,186 males Interviews 5 65 deatha. NS, EX
1970 fn § coun- and regu- B0 myocar- (SM <20) ...1.00(306)
Yugo- tries 40-59 lar follow- dial in- All current
alavia years of up examins- farctions. (>20) .......1.381(10%)
Finland age at entry. tion by 128 angina
Italy Jocal pectoris.

Nether- physiciana 155 other
lands _
Greece 1428 total.
(111).

#Unless otherwise specified, disparities between the total number of mani-
festations and the sum of the individual amoking categories sre due to the
exclusion of efther occasional, miacellaneous, mixed, or ex-smokers.
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morbidity as related to smoking (cont.)

manifestations shown in parentheses)?

EX = Ex-smokers]

PROSPECTIVE STUDIES—Continued

Pipes, cigars Age varistion Comments
tincludes non-
(p<0.001) . 39-4p 50-59 smokers and
N8......1.00 (4) 1.00 (6) ex-smokers.
(p<0.001) Current 4.23(35) 2.26(23) NS fncludes
{comparing former pipe
0-15 and 164) and cigar
smokers.
Myocardial infarction-—Continued
Females
1.00(31)
1.71(23)
Risk of CHD (overall}—Continued
Females
1.00(89)
0.86(18)
1.29(18)
0.93 (3)

Females Males only Males Females Total myo-
1.00 NS ..1.00 35-44 45-54 55-64 3544 455-54 5564 cardialin-
2.00 SM ......182 1.00 100 1.00 1.00 1.00 1.00 farction ine

{(p>0.01) {p<0.01) 2.47 3.06 1.68 225 2.87 1,80 cludesthose
0.52 2.16 1.32 dead within
177 3.04 329 1.81} 128 281 1.8 48 hours,
5.92 10.09 7.63 b5.80 20.26 11.79 4.07
NS {nclude
ex-smokers.
Includes all
CHD incidence
{ncluding EKQ
diagnoses.
Covern all
countries in-
vestigated
except U.S.A.
t Difference
between total
CHD and the

sum of smoking
groups is dae
to difference

in figures
presented by
‘suthors.
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TaABLE 4.—Coronary heart disease

{Risk ratios—actual number of CHD
[SM = Smokers NS = Nonsmokern

PROSPECTIVE STUDIES

Author,
year, Number and Data Follow- Number of
eountry, type of collection up incidents Cigarettes/day
reference population Years

Taylor, 2,571 male Interviews [ 46 deatha. NS and EX ....1.00 (62)
et al. railroad Qnd regu- 33 myocar- All current ....1.77(150)
1970 employees lar follow- dial-in-

U.S.A. 40-59 up examinsa- farctions.
(183). years of tionm. 78 angina
age at pectoris.
entry. 66 other
CHD,
212 total.

Dayton €22 male U.S. Interviews up to8 27 sudden <10 ....i.-oo... 1.00 (26)
et al, veterans par- and routine deaths. 10-20 . vo...1.04 (22)
1970, ticipatiog as follow-up 44 definite >20 ........... 017 (13)
U.S.A. controls in a examina- myocardial
(42, 49). clinical trialof tions_ infarctions.

& diet high in
unsatu-
rated fat.

Dunn 13,148 male Data only up to 14 Totalun-
et s}, patients in on new specified.
1970 periodic health incidents
U.SA. examination extracted
(55). clinies. from

clinic
records.

Pooling 7,427 white Medical 10 538

Project, males 30-53 examination Includes Never rmoked ..1.00 {63)

American years of and follow- fatal and Pt i I 1.65 (72)

Heart age at entry. up. nonfatal 20 . ..2.08(208)

Association myocardial 20 ........ .3.28(154)

1970, infarction

US.A. and sudden

(22). death.

Paul et al, 1,989 Western Screening
1968, _Electrie Co. examination Coronary
US.A. male workers and cases (87)
(148). participating history. 28"

in & prospec- 2
tive stody ?
for 4% years. &
47

3

9

3Unless otherwise specified, disparities between the total number of mani-
festations and the sum of the individual smoking categories are due to the
exclusion of either occasional, miscellancous, mixed, or ex-smokers.
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morbidity as related to smoking (cont.)

manifestations shown in parentheses)? .
EX = Ex-smokers] >

" PROSPECTIVE STUDIES—Continued

. 2

" Comments '

,("'Aze variation

AilCHD s s
including EKG
dizgnoses.

; - et . 20-33 . 4039 §0-59 1 Includes L
T T fLew . B NS, EX, and
e © SM  1.00(25) 1.00(125) 1.00(157) <20 cigarettes
JtHIgh oL L. day. L
SM 2.17(10) 0.90 (31) 1.41 (53) $>>20ciga-
T I o rettes/day.

e e o PRI Includes all ‘s
R o CHD but
3023200 ezeludea

death, . - --
. No data avail-

able compering
'+ . smokers and
nonsmokers.

(1.00(53) i
1.28(54)

= ey -
S FINE Do
Nonco-ronuy L Al 88 developed
c(o,n;::lc ) RN " clinical
i ) - coronary
N 3 . LT ' disease,
; 1: t s 47 angine
) ) Dectoris,
s - 12 i y 28 myocardial
; . l: - infarction, 7
o : .13 deaths CHD.
' (p<0.005) :

- PR,

. 3
LS S SR XL 0




studies have shown an increased risk of this manifestation among
smokers, others have not (see table 5).

From these longitudinal studies, it has become increasingly clear
that cigarette smoking is one of several risk factors for CHD and
that it exerts both an independent effect and an effect in conjunc-
tion with the other risk factors. The basic concept may be ex-
pressed as follows: The more risk factors a given individual has,
the greater the chance of his developing CHD. The importance of
the constellation of coronary risk factors which include cigarette
smoking, high blood pressure, and high serum cholesterol in pre-

"dicting the risk for CHD is illustrated in figures 1 through 3. Other
risk factors are included in certain of these figures and are dis-
cussed below.

Knowledge of the effects of cigarette smoke on the cardiovascu-
lar system has developed concurrently with the knowledge derived
from the epidemiological studies. Nicotine, as well as cigarette
smoke, has been shown to increase heart rate, stroke volume, and
blood pressure, all most probably secondary to the promotion of
catecholamine release from the adrenal gland and other chromaffin
tissue. This release of catecholamines is also considered to be the
cause of the rise in serum free fatty acids observed upon the in-
halation of cigarette smoke. Studies concerning the effect of nico-
tine on cardiac rhythm have also suggested that smoking might
contribute to sudden death from ventricular fibrillation.

In addition, research efforts have also been directed toward the
effects of smoking on blood clotting and thrombosis; since many

. cases of sudden death and myocardial infarction are associated
with thrombosis in a diseased coronary artery branch. Cigarette
smoking may be associated with increased platelet aggregation in
vitro and thus might play a role in the development of sueh throm-
bi or platelet plugs in vivo,

Other mechanisms have been investigated. Because cigarette
smoking has been shown in some studies to be related to the prev-
alence of angina pectoris as well as to the incidence of myocardial
infarction, it has been suggested that smoking enhances the de-
velopment of atherosclerotic lesions. Autopsy and experimental

" studies have shown that cigarette smoking plays a role in athero-
- genesis. The administration of nicotine has been observed to in-
crease the severity of cholesterol-induced atherosclerotic lesions in
experimental animals. Attention is presently being given to carbon
monoxide, which is present in cigarette smoke in such concentra-
tions as to cause carboxyhemoglobin concentrations in the blood
of smokers as high as 10 percent. Based on research in animals,
it is reasonable to conclude that the atherosclerotic process may be
enhanced, in part, by the relative arterial hypoxemia in cigarette
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Jun v o TaBLe 8.—Coronary heart disease morbidity as related to amoking-—anpina pectoris—prospective studies o
xf o1 ' (Risk ratios—actusl number of CHD man{festations shown in parentbeses)? . . R :._'..
! [SM = Smokers NS = Nonsmokern) : o
Author, . .
year, Number and Data -, Follow-up Number Cigars C
;. eountry, typeof collection ©  years of Cigarettes/day and pipes wor Coraments
_ Teference population - “incidents : 2
Doyle 2,282 males, Detaliled 10 Bl NS ...iiiiiea... 100€80) NS include ex-

... »ad female -
\ enrollees of . .
"New York City - and examina.
HIP 3564 . . tlonand

medical

interview > .

v et al, Framingham, - medical /1N | RS 8 14 29 I N - wmokers and
Ty M4 T w0-s2years L examination’ Sl R0 e LTRSS XUZ pipeand
Y USAY of age. . and S VL 1 RPRURPR X T 751 S L S elgar
TN (B, 1918 males, L followsup. T A D20 W LAB(IB) L T w7 smokers. ©
3 Albany, oo e : N e
LT < 89-BB years | il o - N R
Y ot age, P N S S gt = Al . :
':Jmklm 3,182 males Initial medieal - 414 29 0 NS ivieieen 100 (8) EEERE - ©. - NSinclude
, etal, .. aged 38-59 examination - ) .. All eurrent . i { PRI former pipe
stentry. and follow. . 5- L clgarettes L. 144(18) - s Vs s o andclgar
: up by repeat S16 coreiiineen o LBI(IY B L . .0 % O wmokers,
3 " examina. S ) - T
h W a0 '_’ tion. E . k L
. Kannel - 5,127 males . Mediesl 12 .17 Molea "
cetal, . gndfemales . examloatfon . . L NS L.l 100(16) ‘ .
. yearsofage " and follow- oD e i Heavy SM,>20 ¢ e L :
o 80-B9 T clgarettes ..., 2.00(37) 7 oy, Vv
o o Females e .
RN BRI S can o cTNS e n00(E8) L e T S
see BSEE T et 4 mer 0 Clgarette SM L ..., 0.66(18) T . O e
. - Bhapire 110,000 ma Baseline FE Total Malea Females Males .., Males t{p<0.01)

Unepeee NS o000 100 100 NS.LL00 - o -0 ot 80-44 4884 8544 3(D<0.08)
' tZ ified  Current o S SMLLEITL . NS LU 00 1000 - 10
cigarettes $191 | 120 Current cigarettes [.3,40 [ 1.57 204

. 4O ........1.51} w0 P IO RAN X JLI WY R W TR

N8 inelude

ex-amokers.

manifestations and the sum of the {ndividual smoking categories are due

. regular R 1 IR .1 4 : >40 . 1015 2.88 €15 .
m tolloweup,” o Lo ) . Ty v © Femalar’ \ . .
D R - : N NS v, 501000 1000 10007 o
Lonh Ny - S oo "o Current clgarettes\.1.58 - 187 097 %
R i , s RIS TP : QAD eruveernne. S 18T LES T R04 M U
. A . S0 iiivaveiee s = 412 -—
I Unless otherwise specified, disparities between the. total number of

to the excluslon of either occasional, miscellaneous, mixed, or ex-amokers.

G —— e



smokers caused by the increased carboxyhemoglobin level,

With respect to the acute event of myocardial infarction, atten-
tion has been focused on the role of nicotine. Nicotine stimulates
the myocardium, increasing its oxygen demand. Other experiments
have demonstrated that in the face of diminished coronary flow
‘(due to partial occlusion from severe atherosclerosis in man or to
partial mechanical obstruction in the animal), nicotine does not
lead to an increase in coronary blood flow as seen in the normal
individual. These effects exaggerate the oxygen deficit when the
supply of oxygen has already been decreased by the presence of
carboxyhemoglobin. Thus, a marked imbalance between oxygen
demand (which has been increased) and oxygen supply (which
has been decreased) is created by the inhalation of CO and nico-
tine. This imbalance may contribute to acute coronary insufficiency
and myocardial infarction.

EPIDEMIOLOGICAL STUDIES

Numerous epidemiological studies, both retrospective and pros-
pective, have been carried out in various countries in order to iden-
tify the risk factors associated with the development of coronary
heart disease (CHD). Many of these studies have included smok-
ing as one of the variables investigated. Tables 2 to 4 present the

major findings. )

CORONARY HEART DISEASE MORTALITY

Table 2 lists the various prospective studies concerning the rela-
tion of CHD mortality and smoking. These studies demonstrate the
dose-related effect of cigarette smoking on the risk of developing
CHD. For example, the Dorn Study of U.S. Veterans as reported
by Kahn (93) reveals progressively increasing mortality ratios,
from 1.39 for those smoking 1 to 9 cigarettes per day to 2.00 for
those smoking more than 39 cigarettes per day. Although the data
are not detailed in the accompanying tables, several of these stud-
ies have also shown that increased rates of CHD mortality are
associated with increased cigarette dosage, as measured by the
degree of inhalation and the age at which smoking began. Although
not as striking, the data for females reveal the same trends. -

In most studies, the smokers’ increased risk of dying from CHD
appears to be limited mainly to those who smoke cigarettes. Some
studies that have investigated other forms of smoking have shown
much smaller increases in risk for pipe and cigar smokers when
compared to nonsmokers. However, the recent study by Shapiro,
et al. (172) of a large population enrolled in the Health Insurance
Plan (HIP) of New York City showed a significantly increased
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risk for the development of myocardial infarction and rapidly fatal
myocardial infarction for a group consisting of both pipe and cigar
smokers. !

Table 3 details the findings of the American Heart Association
Poolmg Project on sudden death. The Pooling Project, a national
cooperative project of the AHA Council on Epidemiology, is de-
scribed in table 1 (88). Cigarette smokers in the 30 to 59 year age
group incurred a risk of sudden death from CHD substantially
greater than that of nonsmokers. Pipe and cigar smokers were
observed to show a risk slightly greater than that of nonsmokers
(table 3).. - '

" The relative risk of CHD mortality is greatest among cigarette
smokers (as well as among those with other risk factors) in the
younger age groups and decreases among the elderly. In table 2,
Hammond and Horn found that for those smoking more than one
pack per day, the risk is 2.51 in the 50 to 54 year age group and
1.56 in the 65 to 69 year age group. Although the relative risk for
CHD among smokers decreases in the older age groups, the actual
number of excess deaths among smokers continues to climb
since the differences in death rates between smokers and nonsmok-
“ers continue to rise.

'CORONARY HEART DISEASE MORBIDITY

Tables 4 and 5 list the prospective studies carried on in a num-
ber of countries to identify the risk of CHD morbidity incurred
by smoking. Here, CHD morbidity includes myocardial infarction
as well as angina pectoris. Certain studies, notably those of Doyle,
et al. (54), Keys, et al. (111), and Taylor, et al. (188) include a
number of CHD deaths in their data that could not be separated
out using the information provided in their respective reports.
As noted in the discussion on CHD mortality, the CHD risk ratio
increases significantly as the number of cigarettes smoked per ’da)"
increases. Similarly, the HIP data of Shapiro, et al. (172) show
that the elevated morbidity ratios declmed with increasing age as
has been shown for mortality ratios.

"A recent monograph edited by Keys (111) dealt with the 5-year
CHD incidence in males age 40 to 59 from seven countries. As
summarized in table 4, cigarette smoking was found to be associ-
ated with an increased incidence of CHD in the U.S. railroad
worker population, 2,571 individuals (183). None of the differences
in ratjo between smokers and nonsmokers was statistically signifi-
cant for the 13 other population samples which varied in size from
505 to 982 individuals, from the five other countries. (Smoking was
not considered in the two Japanese populations.) When more cases
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become available to provide greater statistical stability to the rates,
this intercultural comparison should prove illuminating.

The results of those studies which have separated out angina
pectoris as a manifestation of CHD are presented in table 5. Doyle,
et al. (54) found no relationship between this manifestation of
CHD and cigarette smoking. Both Jenkins, et al. (90) and Kannel,
et al. (94) observed increased risk ratios among male cigarette
smokers although these differences were not statistically signifi-
cant. More recently, Shapiro, et al. (172) found a significantly
increased risk for angina among their male cigarette smokers as
well as increasing risk ratios with increasing dosage among both
males and females, particularly in the younger age groups. A
variety of hypothetical explanations have been advanced to account
for this seeming contradiction. Among these are the relatively
small number of cases, the difficulties associated with the definitive
diagnosis of the syndrome, and differences in the methods of clas-
sifying those cases of angina pectoris which are followed by mvo-
cardial infarction.

RETROSPECTIVE STUDIES

Table A6 presents data from the various retrospective studies
of CHD prevalence. Most of these are case-control studies and show
an increased percentage of smokers among those with clinical CHD
when compared with a selected control population, usually without
apparent CHD. Two of these studies include data on mortality.

THE INTERACTION OF CIGARETTE SMOKING AND
OTHER CHD RiISK FACTORS

‘The preceding section has ’revie.we’d the epidemiologic evidence
which supports the judgment that cigarette smoking is a signifi-
cant risk factor in the development of CHD. Many of the studies
discussed above have identified a number of biochemical, physio-
logical, and environmental factors, other than cigarette smoking,
which also increase the risk of developing CHD. These risk factors
include elevated serum lipids (particularly serum cholesterol) and
hypertension, which, with cigarette smoking, are considered to be
of greatest importance. Other factors are obesity, physical inac-
tivity, elevated resting heart rate, diabetes (as well as asympto-
matic hyperglycemia), electrocardiographic abnormalities, and a
positive family history of premature CHD (88).

A number of these studies have also found that these factors,
when present in the same individual, exert a combined effect on
the risk of developing CHD. Figures 1 through 3 depict this inter-
action of risk factors. As may be noted in Figures 1 and 2, the
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additional factor of smoking greatly increases the risk of develop-
ing CHD among those people already at high risk because of other
factors.

Furthermore, these studies have shown that the effect of smok-
ing on the risk of developing CHD is statxstxcally independent of
the other risk factors. That is, when the effect of the other factors
is statistically controlled, smoking continues to exert a significant
effect on increasing the risk of developing and dying from CHD.

Smoking and Serum Lipids

The interaction of smoking and serum lipid levels in the develop-
ment of CHD should be considered in the light of information con-
cerning the relationship of smoking to serum lipid levels. Table A7
presents studies which deal with the association between smoking
and lipids, notably cholestervl, triglycerides, and lipoproteins (con-
cerned with lipid transport). While some of the studies have indi-
cated that smokers show increased serum levels of these lipid con-
stituents, others have not. The populations investigated and the
methods of the various studies show significant variation. This lack
of comparability makes interpretation of the findings difficult.

It is clear, however, that in the presence of high serum choles-
terol, cigarette smoking increases the risk of CHD. Figure 4 de-
picts the data from the Chicago Peoples Gas, nght and Coke Com-
pany study which show that smoking greatly i increases the risk of
CHD in each of the cholesterol groups.

Smoking and Hypertension

Some epidemiological studies have indicated that smokers tend
to bave lower mean systolic and/or diastolic blood pressures than
nonsmokers, while other studies have not found this to be the case
(table A8). Reid, et al. (155), in a study of 1,300 British and
American postal workers, found that the blood pressure difference
between the smoking and nonsmoking groups was eliminated after
controlling for body weight.

Tables 9 through 11, derived from the study by Borhani, et al.
(27), demonstrate the following associations: That for both smok-
ers and nohsmokers, the risk of dying from CHD increases with
inereasing diastolic or systolic pressure, and that the risk of mor-
tality from CHD is higher among smokers than among nonsmokers
in each blood pressure group. Cigarette smoking, therefore, has
been shown to elevate CHD mortality independently both ‘of its
effect on blood pressure and of the effect of hypertension on CHD.

Smoking and Physical Inactivity
The recent study by Shapiro, et al. (172) of more than 110,000
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TABLE 8.—Death rates from coronary heart disecase, by systolic blood pressure:
ILWU mortality study 1951-61

~

- S
) (Corvnlry heart disease as classified under ISC Code (26)

A . Smokers Nonsmokers

T St S R

st “ U : Bystolicblood  Person-years Death - Personyears  Dexth
~ - * Age gronp - .; pressure in 1951 of observation rate? of observation =te?
A5Bd oooiiigeeeanee <130 L. 1811 ,; L 248 s

o T osenee et 130 ggpe  Tanite
D.0160-189 i3 . g

.5 >170
T <180
. 130-149
.160-169
>170

1 Rate per 10, 000 penon«yun of observation.
3 p0.026, ¢ e : i
T3 pge.n : .
B0URCE: Borhnnl N O dn.l. (27).

VLA T
AT KA 4

)

oz

~ETFY PaBiE 10. —-Death rates from coronary heart disease, by dw.stolu:

i1 .+ blood pressure: ILWU mortality study, 195161 .+
{Coronary heart disease as classified under ISC Code £20)

IR

- W Smokers . Nonxmokers

. . Diastolic blood Person-years Death Person-years Dexth

‘ pressure in 1861 of obeervation rate! of observation ratel

- L8O ib v 1,627 il 26 700 0 . 6

80- 89 (o 2115 47 o241 L. 1T

80-99 " 861 - 2 1ser 7 33

S >100 I st ge T 1,020 20
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. Source: Borhani, N. O., ‘et al. (27). § aiit Fet PO—
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TABLE 11.—Death rates from coronary heart dlsease among hyperten:wex ud
nonhypertensives: ILWU mortality study, 1951-61 - .
" (Coronary heart disease as classified under 1SC Code 420)

’ Ly el . Smokers - " . Nonsmaokers
I3 e MINEERSAC A S 15
Blood pressure =~ . Person-yesrs " Desth Person-yeurs Dexth
Age group status? _ .. of observation ‘rate? - of observation rate?

4584 ... +... Hypertensives
Nonhypertensives
Hypertensives ...
> Nonhypertensives

1 According to the WHO recommendation, the following cut-off points are nxommded for the

definition of hypertension:

(1) Normotension—below 140/80 rom. Hy.
" {2) Hypertension—aystolic blood pressure 160 mm. Hg. or over, or disstolic 35 pama. Hy o

over, or both. .
(8) Borderline—the residual category. In this anabnis, Normotensives and Borderimes were

combined and the popuhuon was mupcd into ‘Nonhypertensives® (l and 3) and Kypcrtnxn-’

2).
2 Rate per 10,000 perlon-ynn of ob-emllon.
3p<0.01. .
Bouncx: Borbanl, N. O, et al (27). | . .

B W STV I LIRS \X_),\_LQ .‘5\'.'1‘1; ;u/ .J l,ti’n_a sl 'y
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INCIDENCE
PER 1,000 MEN

80—
70 —

ALL NON NON NON SMOKERS  SMOKERS  SMOKERS
SMOKERS SMOKERS SMOKERS
<225 225-274 2754 ‘£225 225-274 2754
CHD 45* 1 5 2 9 16 12
N 1329° 187 235 n 136 37 151
AGE 49 49 50 51 50 49 50
SYSTOLIC 134 133 136 139 131 133 135
PRESSURE )
WEIGHT  1.16 1.18 1.21 118 1.12 1.15 1.17
RATIO

FIGURE 4—Relationship between smoking status and serum cholesterol level
at initial examination, and incidence of clinical coronary heart disease in
men originally age 40-59, free of definite CHD, and followed subsequently
without systematic intervention, Peoples Gas Light and Coke Company
study, 1958-1962. *For 34 men, no information on smoking status was
available; one of these men had a coronary episode.

Source: Stamler, J., et al. (177).

persons participating in the Health Insurance Plan of New York
City has further identified and elaborated upon the interaction of
the various risk factors. Physical inactivity, both in employment
and during leisure time, was found to be a potent risk factor for

. the development of CHD, particularly for rapidly fatal myocardial
infarction.

Figure 5 depicts the effect which smoking exerts on CHD 1n
combination with physical inactivity. Of note, also, is the observa-
tion that within each activity grouping, smoking greatly increases
gflfe risk of myocardial infarction, thus exerting an independent

ect.

Smoking and Obesity

The analysis by Truett, et al. (190) of the risk factor data from
the Framingham study revealed that weight, while a significant
risk factor, had a considerably smaller effect on CHD incidence
than serum cholesterol, cigarette smoking, or elevated blood pres-
sure. The results concerning the interaction of smoking and obesity
from the San Francisco longshoremen study are shown in table 12.
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Mote: Both for cigarstts smokars and noncigerette smokers differences betwaen rates amaong tha lesat
mors sctive men are statistically significant for totsl MI and ugldly fate!l Mis at the 0.99 conlldence
. For other Ml the differenca is statistically signiticant only for the nonsmokars (conlidence level 0.95),

Figure b—Average annual incidence of first myocardial Infarction among men
in relation to overall physical activity class and smoking habits (age-ad-
Justed rates per 1,000)

(Actus! number of deaths or myocardial infarctions are represented by
.figures in parsntheses)
Source: SBhapiro, 8., et al. (17¢).

This table shows that cigarette smokers in the 56 to 84 year age
group were observed to have higher CHD death rates than non-
smokers In all welght categories. Similar findings, although not in
all weight groups, were observed for the 45 to 54 year age group.
Cigarette smoking {s thus shown to be a CHD risk factor indepen-
dent of body weight.
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TABLE 12.—Death rates from coronary heart disease among men without
abrormalities related to cardiopulmonary diseases by weight classification
in 1951: ILWU mortalitly study, 1951-61
{Coronary heart diseasc as classified under ISC Code 420)

Smokers Nonsmokers

Weight Person-years . Death Person-years Death

Age group classification ! of observation rate * of observation rate?
45-54 ... ...... Not overweight . 388 21 273 1
Slightly overweight 962 28 1,096 [\]

Moderately overweight 1,383 28 1,674 28

Markedly overweight 1,055 22 1,797 [

55-64 ......... Not overweight 222 43 247 4]
Slightly overweight 536 76 ‘606 36

Moderately overweight 855 109 1,320 311

Markedly overweight 735 88 1,653 12

 The four classes are defined in the text.
* Rate per 10,000 person-years of observation.

3 p<C0.01.
Source: Borhani, N. O, et 2. (27).

TABLE 13.—Death rates from coronary heart disease, by electrocardiographic
findings in 1951: ILWU mortality study, 1951-61
(Caronary heart disease as classified under ISC Code 420}

Sookers Nopameokers
Electrocardiographie Person-years Death Person-years Desth
Age group findings in 1951 of observation rate ! of observation rate?
4564 ...._.... Abnormal .. 586 102 1,020 39
Normal .. 4,454 38 6,134 15
55-64 . ... wee. Abnormal ......_...... 583 223 1,149 :13
Normal ... ...._..... 3.031 86 5,479 331

* Rate per 10,000 person-years of observation,
250005,
Source: Borhani, N. O., et al. (27).

TABLE 14.— 1958 status with respect to heart rate, blood pressure, cigarette
smoking, and 10-year mortality rates, by cause (1,829 men originally age
40-59 and free of definite coronary heart disease)

Peoples Gas Co. Study, 195868

‘Fen-yesar mortality, 19568-68

1958 risk factor status

Heart Cigarette Diastolic Number All causes . CHD
ate smoking pressure of men Number Rate Number Rate
NH NH NH 378 20 148.3 1 1120
H NH NH - 46 ] 114.9 3 703
NH NH H 107 u 118.3 8 '51.8
H NH H a0 b3 221.6 3 82.0
NH H NH 491 57 116.8 18 38.9
H H NH 127 22 171.1- 8 62.3
NH H H 103 22 180.4 6 5.0
H H H 44 18 265.4 ‘5 949
All 1,325 162 118.2 55 394

t Rate per thousand. All rates are age-sdjusted by S-yesr age groups to U.S. male population,
1960.- High (H): Heart rate =80; =10 cigarettes per day; disstolic bkod pressure 290 mm. Hg.
NH is pot bigh, i.e., below specified cutting points.

3 No smoking data available on 4 of the 1,329 men,

Sounce: Berkson, D. M., et al. (23).
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TABLE 15.—The effect of the cessation of cigarette smoking

on the inctdence of CHD

(Incidence ratios—actual number of cases or events are shown iIn parentheses)

Aauthor,
year,
country, Results Comments
reference
Al myocardial
AU CHD events infarction
Jenking Never smoked ..............1.00(30) 1.00(21)
et al, Current
1868 cigarette smokers ........2.36(84) 2.78(68)
US.A Former
(90). cigarette smokers ........2.15{19) 2.47(15)
Desth from CHD
Smoked >20
Smoked 1-19 cigarettea/day cigarettes/day
Hammond Never
and Garfinke, smoked regularly ...... £.00(1,841) 1.00(1,841) Male data only
1969, Current
US.A. cigarette smokers .......1.90(1,068) 2.65(2,822)
(78). Stopped <1 year .........1.62 (29) 181 (62)
(57) 1.51 (154)
{55) 1.16 (135)
(52) 1.25 (133)
D20 e, 1.08 (70) 1.06 (80)
All ex-cigarette smokers ..1.16 (263) 1.28 (564)
Total definite myacardial infarction
Shapiro Never smoked ........c.oevvveiiineecvinncncasa.... .00
etal, Current cigareite smokers .......... hebeatiaeaiaraa 1.87
1969, Stopped 6 YOAIN .. .o vinai it e e 0.78
US.A.
{172).
First major
All CHD deaths coronary event
Pooling Project, Never smoked .. .1.00(27) 1.00 (53} Seetabled
American Heart >34 pack/day .. .1.66(34) 1.65 (72) for description
Association I pack/day ..............L70(86) 2.08(205) of Pooling
1970, >1pack/day ..............3.00(68) 3.28 (154) Project.
US.A. Ex-smokers ............... 0.80(19) 1.25 (61)
(82).

TABLE 16.—Annual probability of death from coronary heart digsease,
in current and discontinued emokers, by age, mazimum amount smoked,

and age started smoking

Age started smoking
15-19 20-24
Diseontinued Discontinued
Maximum daily Current for ive or Current for five or
Age pumber of cigs- smokers more years smokers more yedrs
rettes smoked (Probability X10%)

6564 . ............ [} 501 R 501 _
10-20 798 239 811 551
21-39 969 766 B72 638
&-T4 ... ...... eean [ 1,015 —_— 1,018 —_—
10-20 1,501 1,189 1,478 1,212
21-39 1,710 L334 1,578 1,098

L For age group 6674, probabilities for discontinued smokers are for 10 or more years of dis-"
continusnce since data for the 59 yesr discontinuance group are not given.

Bouxcx: Cornfield, J., Mitchell, 8. (45).
Based on data derfved {from Kahn, H. A. (#1).
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Smoking and Electrocardiographic Abnormalities

Electrocardiographic (ECG) abnormalities such as T-wave and
ST-segment changes as well as a number of arrhythmias are use-
ful indicators of CHD and may, therefore, be predictive of the
development of clinically overt CHD manifestations. The results
summarized in table 13, from the prospective study by Borhani,
et al. (27), reflect the joint predictive value of smoking and ECG
abnormalities on the death rate from CHD.

Smoking and Heart Rate

Recent analysis by Berkson, et al. (28) of the data derived from
the Chicago Peoples Gas, Light and Coke Company study of
middle-aged men revealed that resting heart rates of 80 or greater
were associated with an increase in the risk of death from CHD.
These authors found that this association was independent of the
other major coronary risk factors.

Table 14 presents the interaction between smoking, blood pres-
sure, and elevated heart rate in increasing the risk of CHD mor-
tality. This study shows that cigarette smoking increases CHD risk
in the presence of elevated heart rate as well as in its absence.

THE EFFECT OF CESSATION OF CIGARETTE
SMOKING ON CORONARY HEART DISEASE

A number of epidemiological studies have been concerned with
the CHD incidence and mortality among ex-cigarette smokers as
compared with current smokers (51, 76, 88, 90, 93, 172). These
studies are listed in table 15. Table 16 presents the data derived by’
Cornfield and Mitchell (45) from the Dorn Study of U.S. Veterans
(93).

Ex-cigarette smokers show a reduced risk of both myocardial
infarction and death from CHD relative to that of continuing ciga-
rette smokers. The Pooling Project (88) and the Western Collab-
orative Study Group (192) which adjusted for the other risk fac-
tors of elevated serum cholesterol and blood pressure observed this
relationship. Hammond and Garfinkel (76) noted that cessation of
smoking is accompanied by a relative decrease in risk of death
from CHD within 1 year after stopping.

This decreased risk of CHD among ex-smokers further strength-
ens the relationship between smoking and CHD. It must be noted,
however, that the group of ex-smokers is composed of individuals
who have stopped smoking for a variety of reasons. Those who
stop because of ill health and the presence of symptoms are gen-
erally at high risk and can bias the group results in one direction;
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those healthy persons who stop as part of a general concern about
their health and may adopt a number of self-protective health prac-
tices are generally at low risk and can bias the group results in the
other direction, Therefore, ex-smokers as a group are not fully
representative of the entire population of smokers and may have
limited value in predicting what would happen if large numbers of
cigarette smokers stopped smoking purely for self-protection. Cer-
tain incidence studies, such as the Pooling Project (88), were initi-
ated with only clinically healthy individuals. The data from such
studies, as well as those from the British physicians study, contain
ex-smoker data less influenced by these biases.

Fletcher and Horn (69) have recently presented data derived
from the British physicians study of Doll and Hill. Over the past
10-15 years, cigarette smoking rates among British physicians
have declined significantly in comparison with those of the general
British population. The information presented by these authors
concerning all cardiovascular diseases showed that for individuals
between the ages of 35 and 64, the age-adjusted death rate for CHD
declined by 6 percent among physicians and rose by 10 percent
among the male population of England and Wales during the
period from 1953-567 to 1961-65.

THE CONSTITUTIONAL HYPOTHESIS

The effect of smoking on the incidence of CHD has been found
to be independent of the influence of the other CHD risk factors.
When such risk factors as high serum cholesterol (177), increased
blood pressure (27), elevated resting heart rate (28), physical in-
activity (172), obesity (27), and electrocardiographic abnormali-
ties (27) have been controlled, cigarette smokers still show higher
rates of CHD than nonsmokers.

It has been suggested by some (89, 170) that the relationship
between cigarette smoking and CHD has a constitutional basis.
That is people with certain constitutional make-ups are more likely
to develop CHD, and the same people are more likely to smoke
cigarettes. This hypothesis maintains that the relationship between
cigarette smoking and CHD is thus largely fortuitous and that the
significant relationships are between the genetic make-up of the
individual and CHD and between the genetic make-up of the indi-
vidual and hia becoming a cigarette smoker. Two sets of epidemio-
logic data bear on this hypothesis.

It has been maintained that people with a certain temperament
are more likely to smoke and also more likely to develop CHD.
These characteristics have been demonstrated for those with the
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Type A behavior pattern of Rosenmann, et al. (259) which is
characterized by competitiveness, excessive drive, and an enhanced
sense of time urgency. The prospective study organized by the
Western Collaborative Group indicates that individuals who ex-
hibit this type of personality are more likely to have or develop
CHD than those without it (Type B), whether or not they smoke.
When the incidence rates of CHD are analyzed with respect to
smoking and personality types (tables A 17, A18), it is noted that
in both Type A and Type B individuals the incidence of CHD is
greater among cigarette smokers than among nonsmokers. This
research indicates that both personality type, as measured in these
studies, and cigarette smoking contribute independently as risk
factors to the development of CHD. To what extent such behavior
patterns are determined constitutionally or represent acquired
characteristics is still open to question.

The other type of research designed to study the genetic hypoth-
esis has made use of data from registries of twins. Cederlof,
et al. (37, 38, 39, 40) have utilized the Twin Registries of Sweden
and the Veterans Follow-Up Agency of the U.S. National Academy
of Sciences—National Research Council to investigate the relative
contributions of heredity and smoking to cardiovascular and bron-
chopulmonary symptom prevalence. Data obtained by mailed ques-
tionnaires were analyzed for the following characteristics: zy-
gosity of the same-sex twin pair, urban-rural residence differences,
smoking concordance, and history of various symptoms, Compari-
sons were made between smoking discordant monozygotic (iden-
tical) pairs and smoking discordant dizygotic (fraternal) pairs,
and between unmatched twin pairs and matched twin pairs. Smok-
ing discordance has been defined somewhat differently in various
reports but, in general, describes twin pairs in which the smoking
habits differ between the two members of the same twin pai:

Analyzing the data obtained from 9,319 Swedish twin pairs
(72.3 percent of the possible respondents), Cederlof, et al. (89)
found that respiratory symptoms were more common among smok-
ers in both the unmatched and matched smoking discordant twin
pair groups. The authors analyzed the data in two distinct man-
ners. Group A analysis, which did not control for genetic factors
utilized two groups; the first composed of all the firstborn, and the
second of those listed second on the birth certificates, Group B
analysis utilized MZ and DZ twin pairs which were discordant for
smoking, thereby controlling genetic factors. “Angina pectoris,” as
defired by a certain pattern of responses to the questionnaire, was
found to be more prevalent among smokers in Group A, but this
difference was not present when the data from Group B were an-
alyzed. Males in the first group exhibited a “hypermorbidity-ratio”
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of 1.6, while those in the gsecond group were found to have one of
approximately 1.1. The authors concluded that this difference be-
tween the two groups provides better support for the importance
of constitutional factors as against the importance of cigarette
smoking in the development of angina pectoris.

A similar study was done using the responses of 4,379 U.S. Vet-
eran twin pairs (approximately 60 percent of estimated available
total) who completed the mailed questionnaires (38). Cederlof, et
al. found a significantly increased prevalence of chest pain and
“angina pectoris” among smokers when Group A was analyzed.
Analysis of the smoking-discordant matched twin pairs (Group B)
revealed no association between smoking and cardiovascular symp-
toms among the monozygotic pairs. The dizygotic pair data did
show a slight association. The authors concluded that this lack of
association among the monozygotes and its presence among the
dizygotes and unmatched pairs strengthens the case for a constitu-
tional hypothesis.

A major problem in these studies is the small number of cases
available and, therefore, the statistical instability of the results.
In the Swedish study, among the 274 monozygotes, only 19 smokers
and 16 nonsmokers were classified as having angina pectoris while
among the 733 dizygotes, 25 smokers and 25 nonsmokers were so
classified. In neither group was the difference between the prev-
alence ratios found in the Group A analysis and that in the Group
B analysis of statistical significance. Analysis of the data on women
shows a similar lack of significance.

Similar criticisms may be made of the study which utilized the
U.S. Veteran Twin Registry. In that study, the authors observed
that the difference in the prevalence of angina pectoris ketween
the low-cigarette-exposure and high-cigarette-exposure dizygotic
groups was not present among the monozygotes. The authors ques-
tioned whether the excess morbidity associated with cigarette
smoking found in the dizygotic group was causal as it was not pos-
sible to reproduce the association when studying monozygotic
smoking-discordant twin pairs. As noted above, the numbers in this
study are also small so that the differences in rates do not approach
statistical significance.

. Tibblin (188) has questioned the value of a mailed questionnaire
to diagnose heart disease. The questionnaire as originally con-
structed was used and validated by interview technique alone (157,
158). Cederlof, et al. (40) conducted a study to determine the
validity of this questionnaire as a mailed instrument by personally
interviewing and examining 170 of the twin pairs who had replied.
Of the eight males who weére diagnosed as having “angina pectoris”
by the questionnaire. four were found to be free of symptoms on
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clinical examination, while among 204 responding negatively, two
were found to have angina by clinical criteria. None of the 11
women who were diagnosed as positive by questionnaire was found
to be clinically affected, and of the 136 reporting as negative, three
had symptoms of angina pectoris.

Other major difficulties associated with these studies include the
problems of using prevalence data in the investigation of a disease
(CHD) from which a significant number of those affected die
shortly after the onset of symptoms, the inclusion of ex-smokers
in the smoking population, and the low numbers of heavy cigarette
smokers in the Swedish population.

In general, the problems of using twin registries to study the
etiology of cardiovascular disease with mortality and morbidity
ratios in the neighborhood of 2 to 1 are much more difficult than
in studying the etiology of bronchopulmonary disease in which the
relationships are of the order of magnitude of 4 to 1.

More recently, Friberg, et al. (69) reported on mortality data
from the Swedish Twin Registry. The authors suggested that part
of the increased mortality observed among smokers when com-
pared with nonsmokers was not due to smoking per se but to fac-
tors associated with smoking. The very small numbers of total
deaths presently available (47 deaths among 706 dizygotic pairs
and 13 deaths among 246 monozygotic pairs) do not provide a sta-
tistically stable base for deriving any conclusions at the present
time.

Hauge, et al. (81) have recently reported on the influence of
smoking on the morbidity and mortality observed in the Danish
Twin Register. Among 762 monozygotic and same-sexed dizygotic
twin pairs, angina pectoris was found to be significantly more fre-
fment in those cotwins with a higher consumption of tobacco than
In thoge with a lower or no consumption. A similar tendency was
observed for myocardial infarctions but was not of statistical
significance.

Sgltzer, who has been a proponent of the constitutional hypothe-
8i8, in a recent review of some of the experimental, clinical, and

'pafzhological data relating smoking and CHD, concluded that the
evidencé from these areas has not “reasonably substantiated” the
“hypothesis” of the acute effect of cigarette smoking on the coro-
nary circulation, nor has the chronic effect of cigarette smoking on
the cardiovascular system been shown to be a “clear” and con-
sistent one (170). His views are contrary to those of most re-
gearcherg in this field.

Although the data from the twin studies are inconclusive with
regard to a role for genetic factors in heart disease, it would be
surprising if genetic factors did not play such a role. It is open to

47



question whether findings from twin studies can be used to distin-
guish between the hypothesis that genetic factors govern the level
of host susceptibility or resistance to the effects of an exogenous
influence such as cigarette smoking and the hypothesis that genetic
factors “cause” both heart disease and smoking.

AUTQPSY STUDIES RELATING SMOKING,
ATHEROSCLEROSIS, AND SUDDEN CHD DEATH

A number of researchers have investigated the cigarette smoking
habits and the cardiovascular pathology of those individuals dying
suddenly from CHD and of large populations of individuals with
and without histories of overt CHD.

Spain and Bradess (175) recently analyzed the smoking habits
of 189 individuals who died suddenly and unexpectedly, apparently
from the first acute clinical episodes of CHD. The authors noted a
close correlation of a history of cigarette smoking with this type
of sudden death and also with shorter survival times following the
acute episode. This association was strongest in those persons
under 50 years of age.

The authors also cbserved that those surviving very short pe-
riods of time showed a notable lack of intracoronary artery throm-
bi at autopsy and that the frequency of thrombi present increased
with increasing survival time. They suggested that thrombi found
at autopsy may be the result rather than the cause of certain
instances of myocardial infarction, particularly of lesions showing
subendocardial necrosis. This finding is of significance in the study
of the effect of smoking on myocardial metabolism and oxygen
supply and demand rather than on thrombus or platelet plug
formation.

While the autopsy study of Spain and Bradess (175) concerned
sudden death among smokers, other autopsy studies from various
countries have been directed towards the relationship of cigarette
smoking to the presence of atherosclerotic disease in the aorta_and
coronary arteries. These are concerned with the long-term effects
‘which smoking has on the cardiovascular system and are sum-
marized in table 19. The studies of Auerbach, et al. (12), Avtan-
dilov, €t al. (13), Sackett, et al. (165), and Strong, et al. (182)
found that aortic and coronary atherosclerosis were more common
and more severe among smokers than among nonsmokers. Auerbach,
et al. (12) noted that this relationship persisted when the cases
were matched for both age and cause of death or when the follow-
ing cases were excluded ; men with a history of diabetes; men who
had died of any type of heart disease; and men whose hearts
weighed 400 grams or more. Sackett, et al. (165) found that the
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TABLE 18.—~Autopsy studies of atherosclerosis
(Figures in parentheses are number of {ndividuals In that smoking category)!
{SM = smokers NS = nonsmokers]

Author,
Year, Autopey Data
eountry, population collection Clgarettes per day Conclusions Comments
reference
Wilens 989 consecutive Routine elinical Severity of aortic scleroris The authors conclude that Smoking dats unavailable
snd Plair, male autopsies records of Above average Average DBelow average in 80 percent of cases, the for 120 canes,
1962, at New York previous and N8 o 9.9(161) 60.2 29.8 degree of sclerosls at Each sorta specimen glven
U.B.A, City VA present K20 siaeeness 19.2(152) 63.2 17.8 autopsy was commens an ‘‘atherosclerotic age’
(514). hospitals. admisslons. 20-30 .,..0000, 26.4(288) 82,8 11.1 surate with age of patient, by comparison witha
D30 ceeeanenn 125.1(199) €1.3 t13.8 regardless of smoking standard, If “'athero-
habite, In the remaining sclerotic age’ was found
40 percent there {s evi- 1o be 10 years more than
dence that clgarette real age, the sorta was
smoking may be asso. said to show aboves
clated with an abaves sversge aclercals,
average degree of sortle tp<0.001 comparing 9.9
sclerosis, with 25,1 and 29.8 with
18.8.
Avuerbach, 1,372 sutopsies Interview with  Degres of coronary ortery atherceclerasis (overall agss The authors conclude that
®tal, of male next of kin. adjusted results) the percentage of men
10885, . patlentain’ No athero- o with an sdvanced degree of
UB.A, Orange, New _wclerosia’ " Slight  Moderate. Advanced . coronar